a major impediment to novel drug development has been the paucity of animal models that accurately reflect symptoms of affective disorders. In animal models, prolonged social stress has proven to be useful in understanding the molecular mechanisms underlying affective-like disorders. When considering experimental approaches for studying depression, social defeat stress, in particular, has been shown to have excellent etiological, predictive, discriminative and face validity. Described here is a protocol whereby c57Bl/6J mice that are repeatedly subjected to bouts of social defeat by a larger and aggressive cD-1 mouse results in the development of a clear depressive-like syndrome, characterized by enduring deficits in social interactions. specifically, the protocol consists of three important stages, beginning with the selection of aggressive cD-1 mice, followed by agonistic social confrontations between the cD-1 and c57Bl/6J mice, and concluding with the confirmation of social avoidance in subordinate c57Bl/6J mice. the automated detection of social avoidance allows a marked increase in throughput, reproducibility and quantitative analysis. this protocol is highly adaptable, but in its most common form it requires 3-4 weeks for completion.
IntroDuctIon
Mood and anxiety disorders are prevalent conditions affecting one out of every six people in their lifetime, and costs the United States economy an excess of $50 billion per year 1 . However, the development of animal models to study depression has been a major challenge in addressing these problems in psychiatric research. Historically, researchers have used various forms of chronic stress to induce behavioral adaptations relevant to depression [2] [3] [4] . These include chronic unpredictable stress, restraint stress or foot-shock stress, followed by behavioral measures of anhedonia (e.g., sucrose preference) or behavioral despair (e.g., forced swim test and tail suspension test), which are often responsive to acute antidepressant treatment and do not address the multiple validities necessary for an effective animal model of depression 4 . It should be noted that some behavioral measures, such as learned helplessness and novelty-suppressed feeding, address some of these validities and are useful models in studying aspects of depression-like behavior 5 . However, many have argued that the limited availability of animal models may explain the relative paucity of novel therapeutic interventions, based on rational design, to act upon putative molecular mechanisms of major depressive disorders 4 . This is further hampered by the dynamic range of reactions that an individual can show in response to stressors, whether it is the development of a major depressive disorder, post-traumatic stress disorder or resiliency to such disease states 6 . Individual responses to social stressors within experimental preparations have thus become increasingly useful in modeling aspects of depression-like behavior with high construct, face, discriminative and predictive validity 3, [7] [8] [9] [10] [11] . Social stressors are known to control affective-like behavioral responses across a wide variety of mammalian species 12, 13 . Repeated exposures to social defeat stress in rodents, for example, cause a robust depression-like phenotype marked by anhedonia, anxiety and social-avoidance behaviors 10, [14] [15] [16] [17] . A unique aspect of social defeat stress that distinguishes it from other environmental stressors is its ability to continuously activate the pituitary-adrenal axis over repeated social confrontations 9, 18, 19 . Experimental control over the intensity of social defeat stress exposure makes it possible to examine a wide range of individual responses across molecular, cellular and behavioral endpoints 20, 21 . A modified and abbreviated version of the sensory contact model of social defeat stress in mice, initially described by Kudryavtseva and co-workers 10, 22 , was introduced in 2006 by Berton et al. 17 . In essence, this protocol (as described here) includes a shorter duration of stress exposure and automation of the simple behavioral output of social avoidance, thereby increasing throughput while maintaining reliability and reproducibility of results. With this protocol, it is possible to run 60-80 defeats concurrently. It is worth briefly noting that potential pitfalls of utilizing this standardized social defeat model, as well as of any model based on social interaction, include a moderate financial investment, larger individual space requirements in the vivarium, inherent variability introduced by factors outside of experimenter control (i.e., aggression levels of the CD-1 mice) and a moderate time investment for each run.
In this standardized repeated social defeat model, C57BL/6J mice are repeatedly subjected to bouts of social defeat by a larger CD-1 mouse screened for aggressive behavior. Although each individual defeat lasts only 5-10 min, the defeated mouse is subjected to continuous psychological stress from sensory interaction with the aggressor for the duration of the experiment through a clear perforated divider in a shared home cage. This treatment leads, in a majority of animals (termed 'susceptible'), to the development of marked social avoidance associated with a constellation of overlapping behavioral and physiological changes reminiscent of depressive and anxiety symptoms. Consistently, social defeat produces a subgroup of animals (termed 'resilient') corresponding to approximately one-third of the entire population 21 that fails to develop social avoidance. In addition, only susceptible mice display reduced sucrose preference and significant changes in weight and metabolic disturbances indicative of a depression-like A standardized protocol for repeated social defeat stress in mice phenotype. Interestingly, the metabolic disturbances associated with susceptibility have been linked to alterations in orexin, ghrelin and lipid regulation [23] [24] [25] [26] . Conversely, both susceptible and resilient mice show increased anxiety-like behavior, as measured by the elevated plus maze, stress-induced polydipsia and increased corticosterone release in response to a swim stress. Taken together, these data suggest that social avoidance showed by susceptible mice is associated with a constellation of hedonic changes and weight gain, whereas both susceptible and resilient mice show increased anxiety and corticosterone reactivity 21 . The behavioral syndrome induced by social defeat makes this model useful in studying individual differences in depression-and anxiety-associated behavior, and has the discriminative ability to distinguish animals on depression-and anxiety-like behavioral domains.
Another attractive feature of this model is that social avoidance induced by 10 d of social defeat can be reversed by chronic, but not acute, antidepressant treatments 17, 27 . There has been growing interest in identifying compounds that produce a more rapid antidepressant effect than classic selective serotonin reuptake inhibitor (SSRI) treatments 5, 28 . Social defeat, unlike many other models that respond to acute antidepressants, is an attractive model to make efficacy comparisons between novel compounds and traditional SSRI antidepressants. In addition, molecular studies have identified similarities in chromatin remodeling 29, 30 and transcriptional activation 31 between resilient and antidepressant-treated mice, providing new information about therapeutic targets. Similarly, unique synaptic reorganization has been shown to occur in susceptible populations; it is completely absent in resilient mice 32 . Thus, social defeat stress provides a potential means to investigate components of the basic neuropathology underlying affective illnesses 8, [33] [34] [35] [36] , which is providing fundamentally new information about the molecular basis of affective disorders to aid in the development of novel antidepressant treatment strategies 20 . Because of the increasing popularity of social defeat stress as a model of affective distress in mice (e.g., a basic search for 'Social Defeat Stress In Mice' in PubMed returns 61 instances spanning the 20 years between 1984 and 2005 and 40 + references from 2006 to present alone), we present here, in detail, a protocol that reliably induces prolonged social avoidance in a subset of susceptible mice, which is only reversed by chronic treatment with antidepressants. Utilization of this experimental protocol will help to establish continuity for future investigations.
Experimental design
Validity of the social defeat model. A major obstacle in the assessment and clinical treatment of stress-related disorders is the limited availability of validated preclinical animal models to determine their underlying biological mechanisms 37 . The social defeat stress model provides a system for investigating the molecular underpinnings of these variable behavioral outcomes in a preclinical setting while maintaining four important forms of the validity of a model. (i) Construct (etiologic) validity refers to the methods used to reproduce, or construct, the disease state. There is a rich psychology literature exploring the roles of stressors in developing depressive disorders that are accurately mimicked by repeated social subordinations 38 .
(ii) Face validity assesses how effectively the neuropathological and behavioral phenotypes observed in the human condition are reproduced. As mentioned previously, there are several well-documented depression-like phenotypes derived from social defeat 21 . (iii) Discriminative validity suggests that a model can discriminate between behavioral domains such as anxiety and depression. Social defeat produces a population of susceptible animals that are distinct in their depression-like behavior but similar on anxiety measures 21 . (iv) Finally, and of perhaps most importance, is the fact that the model shows predictive validity to treatments in a manner similar to that observed in human patients. Social defeat responds only to chronic, but not acute, administration of antidepressants, suggesting a pharmacological validity not often seen in other stress models that tend to respond equally to both acute and chronic antidepressant treatments 17, 27 . Below are some suggested considerations for designing social defeat experiments.
Timing and organization of social defeat experiments. Experimenter experience is a key factor in the reliability and throughput of our repeated social defeat protocol. Experiments are generally run in cohorts ranging from 20 to 80 mice, with defeats occurring once daily for each mouse in the cohort. We suggest that experimenters new to this model start with cohorts of no more than 20-30 mice. We also suggest that defeat sessions include no more than ten animals at a time. Although all the defeats in the batch of ten will have started within the first few minutes, wait for their completion before moving on to the next batch of ten defeats within the cohort. It is reasonable to expect that a single researcher, new to this model, will spend ~30 to 45 min on a full round of defeats per day per cohort of 30 mice. Experienced researchers can anticipate running larger cohorts of up to 80 mice within a similar timespan.
Social avoidance testing takes considerably longer, and researchers new to this component should anticipate spending a full day on testing (this is further dependent on the number of test arenas being used concurrently). An inexperienced researcher should anticipate spending ~10 min per mouse per test, whereas an experienced researcher can easily perform a single test within 6 min. Finally, we recommend that inexperienced researchers start with a single test arena until they are fully confident. However, with more experience and the proper Ethovision tracking software (as described here), it is possible to measure social interaction in up to four arenas concurrently.
Use of C57BL/6J mice. Although other strains may prove suitable, it should be noted that varying strains of mice show differences in stress and anxiety-like behaviors. Of note, a series of recent papers suggests that the C57BL/6J line appears to be less susceptible to stress when compared with other strains [39] [40] [41] . The established guidelines for social defeat in this protocol are based on data obtained from mice with C57BL/6J backgrounds starting defeat at 7-8 weeks of age. Establishing baseline behaviors for other strains will be an important next step in further increasing the utility of this model.
Screening of aggressor CD-1 mice. Successful application of chronic social defeat stress to C57BL/6J mice is dependent on appropriate selection of CD-1 mice with consistent levels of aggressive behaviors, as determined from the 3-d screening process detailed below. It is critical to note that although many sexually experienced male CD-1 mice will show aggression, the degree, quantity and quality of aggressive behavior across CD-1 mice can vary greatly. Roughly half of all screened CD-1 mice will not reach the criterion for inclusion, a fact that needs to be considered when designing experiments. Those aggressors that do meet the criteria can be used in multiple social defeat experiments for up to 3 months following their initial screening. As it is possible for aggressors to habituate to the presence of C57BL/6J mice over time, and decrease their antagonistic interactions, all aggressors are rescreened in a single screening session prior to use in consecutive social defeat experiments. For the purpose of screening the aggressors, C57BL/6J mice between 8 and 20 weeks of age are used. Use of older C57BL/6J mice that are substantially larger will result in decreased aggression from the CD-1 mice and lead to the inaccurate establishment of aggression criteria.
Adaptability of the defeat protocol. An increasingly beneficial aspect of the social defeat protocol is the inherent flexibility with which it can be modified. Three methods that have proven extremely valuable in the exploration of the molecular basis of depression are viral-mediated gene transfer, screening of genetically modified mice and optogentic manipulation of neuronal populations.
Genetically modified mice strains bred on C57BL/6J background are extremely useful in understanding the genetic basis of depression-like behavioral traits 26, 42, 43 . However, the protocol is not standardized for use in mice of other genetic backgrounds and care must be taken to validate responses in other mouse lines. In the case of viral-mediated gene transfer, several adaptations on the standard social defeat protocol have been implemented to account for the transient expression of herpes simplex virus-driven gene transfer (i.e., loss of optimal protein expression within 4-5 d of infection), such as development of the 'microdefeat' . The microdefeat allows the investigation of the prosusceptibility effects of a molecular manipulation 21, 32 . Specifically, in the microdefeat protocol, a C57BL/6J mouse is subjected to subthreshold levels of social defeat that consist of three 5-min defeat sessions given consecutively on a single day with 15 min of rest between each session. Social interaction is then tested 24 h later and does not produce any significant avoidance in wild-type C57BL/6J mice. Similarly, if the manipulation being evaluated is prodepressant, it produces levels of social avoidance comparable to that observed after a 10-d social defeat. It is worth noting that lentiviral and adeno-associated virus (AAV)-driven viral transduction can be used with no changes to the standard social defeat protocol, assuming that the duration of the experiment falls within the peak of protein expression.
A recent publication by Covington et al. 44 has extended the exciting advances in optogenetic manipulation of neuronal populations to the social defeat protocol. Following the standard 10-d social defeat protocol and social avoidance testing, susceptible and control mice were surgically transduced with AAV-channel rhodopsin 2 (a light-activated cation channel) in the mouse medial prefrontal cortex to optogenetically stimulate cortical activation in vivo and examine the behavioral consequences. After this manipulation in the medial prefrontal cortex, susceptible mice show a reduction in social avoidance similar to what has been previously observed after antidepressant treatments.
The above-mentioned variations and uses of social defeat are simply given as examples of what has been done, and what can be achieved, through creative use and adaptation of social defeat to new technologies. The development of newer techniques for molecular manipulation of depression targets shows great appeal and promise for translation application, aided through the use of easily adaptable and validated animal models such as social defeat.
Physical wounding of defeated mice. A concern posed by social defeat is the consequences of physical aggression, such as wounding, on defeated C57BL/6J mice. In cases in which repeated defeats lead to the development of open wounds exceeding 1 cm, removal of the mouse from the study and immediate euthanasia is indicated. Further, defeats should be run with full approval of all necessary institutional review boards and standards. If wounding consistently exceeds the criterion, a reduction in the duration of individual defeat sessions may be called for (i.e., a reduction from 10 min defeats to 5 min defeats), and it may also be necessary to remove the offending aggressor CD-1 from the experiment. In and of itself, wounding is not a required component of the social defeat model, as it has been shown to have no correlation with social avoidance behavior 21 . It is worth mentioning that social defeat rarely, if ever, leads directly to death in the mice undergoing defeat. However, death may occur in the hours following cessation of daily defeats, and therefore it is important to monitor the health of mice throughout the study. Veterinary assistance is suggested at first when new investigators are learning the procedure. Further, death can occur if either the CD-1 or C57BL/6J mice escape across the perforated divider during the 10 d of repeated social defeat. To prevent this, it is imperative to check that the divider is always flush against both the bottom of the defeat cage and the bottom of the cage cover. This may require weighting of the lid (i.e., with excess rodent chow) or removing excess bedding, along with daily assessments of divider placement.
Controls.
Proper control groups are included within the design of each repeated social defeat stress experiment. At the onset of each experiment, control C57BL/6J mice are pair housed in defeat boxes with one mouse per side of the perforated divider. All control mice are rotated on a daily basis in a manner similar to that of mice undergoing defeat, but they are never actually allowed physical contact with their cage mate. Preventing physical contact is important for multiple reasons. First, similarly sized C57BL/6J mice will occasionally show aggression, which may artificially elevate stress levels in the control mice. Moreover, nonaggressive social interaction can be rewarding and, again, can artificially alter subsequent social interaction. Therefore, it is imperative that control mice be kept physically separated throughout their 10 d in the control condition.
MaterIals

REAGENTS
C57BL/6J mice (Jackson Labs). Mice are ordered so as to arrive at 6-7 weeks of age and are group housed (no more than 5 mice per cage) in standard mice cages  crItIcal Although other strains may prove suitable, it should be noted that varying strains of mice show differences in stress and anxietylike behaviors (see Experimental design for further details).  crItIcal Further, although social defeat has been run successfully on mice up to 20 weeks of age, the most reliable results are obtained from mice that are 7-8 weeks of age. ! cautIon Experiments must follow all governmental and institutional guidelines for care and use of laboratory animals.
• CD-1 mice (Charles River Laboratories). Orders are placed for mice that are retired breeders < 4 months of age and singly housed throughout.  crItIcal As with the C57BL/6J mice, there may be strain-specific differences in aggressive behavior between mice lines. If a change of strain is required, care should be taken to validate that the level of aggression showed across all defeat days is consistent and comparable to CD-1 levels. ! cautIon Experiments must follow all governmental and institutional guidelines for care and use of laboratory animals.
•  crItIcal We suggest woodchip-based bedding as it provides traction for the mice, without which the defeats are compromised as the C57BL/6J mice cannot show appropriate escape behavior.
EQUIPMENT
Open-field arena and wire-mesh enclosures for social interaction testing
The social interaction open-field arena is custom-crafted from opaque Plexiglas, and may be easily constructed in-house with epoxy or purchased from a Plexiglas workshop. A wire-mesh enclosure secured in Plexiglas is centered against one wall of the arena during all social interaction sessions. The wire mesh should be large enough to clearly display a target CD-1, while preventing more than cursory physical contact between the target CD-1 and defeated C57BL/6J mouse. Specifically, the aggressor should be able to fit its snout and paws through the wire mesh but not actively pursue the C57BL/6J test mouse. The Plexiglas functions as a funnel, allowing easy placement of the CD-1 target mouse within the wire-mesh enclosure base; however, it should not extend over the wire mesh. The 'interaction zone' of the test arena encompasses a 14 cm × 24 cm rectangular area projecting 8 cm around the wire-mesh enclosure. The 'corner zones' encompass a 9 cm × 9 cm area projecting from both corner joints opposing the wire-mesh enclosure. Figure 2a is a schematic representation of the arena and its zones. Figure 2b depicts this device from both a front and side view.  crItIcal Two wire-mesh enclosures should be prepared for every open-field arena being used, and only one should be used in the presence of a target CD-1 to prevent the transmission of aggressor olfactory cues during sessions when an aggressor is absent. Video-tracking apparatus and software A video-tracking system is used to monitor approach and avoidance behavior in C57BL/6J mice during social interaction testing. Other video-tracking packages can be substituted, assuming that they can accurately track a C57BL/6J in the presence and absence of a CD-1 mouse, and breakdown these movements by regions within the social interaction open-field arena. Within the software suite selected, the social interaction open-field arena should be topographically divided into two distinct areas (interaction zone and rear corners) as depicted in Figure 2a and described above. We recommend selection of a software suite that permits automated analysis of multiple arenas concurrently. Suggested variables for automated scoring include duration of time spent in the interaction zone, duration of time spent in the corner zones and total movement in the arena. All social interaction testing is conducted under red-light conditions in a soundproof room. Cleaning and sterilization Between all completed 10-d rounds of social defeats, the hamster cages and steel-wire tops should be disinfected and sterilized via autoclave. This is especially important because of the vigorous nature of the defeats. The Plexiglas dividers should be handwashed, and not autoclaved, as in our lab facility they have shown a common tendency to warp and lose shape when autoclaved. After every social interaction test, and especially between social defeat runs, the open-field arena and wire-mesh enclosures should be thoroughly hand cleaned and disinfected with a odorless cleaning solution, and wiped dry. 2| Use 'screener' C57BL/6J mice during the screening process. These mice are only used for CD-1 screening and may range in age from 8 to 20 weeks. They may be used repeatedly for subsequent screenings.  crItIcal step Mice older than 20 weeks of age are less likely to show normal escape behavior and may lead to incorrect selection of aggressors.
3|
Perform screening in the home cage of the CD-1 mouse. This is done by placing the screener C57BL/6J mouse directly into the home cage of the aggressor for 180 s with the aggressor present. There should be no items within the home cage that can be used to aid the screener in escaping from the aggressor. Regardless of latency to aggression, do not remove the screener C57BL/6J until the full 180-s duration has elapsed. Once the screening session has elapsed, note the latency to aggression and remove the screener. The aggressor is not removed from its home cage at anytime during the screening process. Perform three screening sessions, once daily, using different screeners on each subsequent day for each aggressor, such that no aggressor defeats the same screener twice.
4| Select CD-1 mice for use as aggressors in subsequent social defeat experiments based upon two criteria: During three 180-s screening sessions, once daily, the CD-1 mouse must attack in at least two consecutive sessions; and the latency to initial aggression, which is recorded during each session, must be less than 60 s.
5|
Exclude those CD-1 mice that do not meet this criterion for use in social defeat experiments.  crItIcal step Anticipate that roughly half of screened CD-1 mice will not reach the criteria for inclusion when planning experiments.
? trouBlesHootInG 6| Following screening, house experimental aggressors singly with free access to food and water. Aggressors can be used for up to 3 months after their initial screen, and may be used for three bouts of social defeat. However, they should be rescreened prior to the start of each new social defeat experiment. ? trouBlesHootInG chronic social defeat stress • tIMInG ~10 d 7| Assemble defeat hamster cages, as described in EQUIPMENT SETUP, 24 h before initiating the first social defeat stress. Place an aggressor mouse from Step 6, termed the resident, on one side of the divided hamster cage, known as the home cage, overnight prior to the start of defeat sessions.
8|
Expose intruder C57BL/6J mice to social defeat stress for 5-10 min on 10 consecutive days. On the first day, place an intruder C57BL/6J mouse directly within the resident aggressor's home cage compartment. After 5-10 min of social defeat, transfer the intruder across the perforated divider to the opposite compartment and house within this compartment for the remainder of the 24-h period.
? trouBlesHootInG 9| For each subsequent daily defeat of 5-10 min, expose the intruder C57BL/6J to a novel resident's home cage compartment, in order to prevent any habituation to the resident aggressor. After 5-10 min of social defeat, again transfer the intruder across the perforated divider to the opposite compartment and house within this compartment for the remainder of the 24-h period.  crItIcal step During the 10-d defeat period, resident aggressors are not removed from their home cage; rather, the C57BL/6J intruders are alternated daily. We have found that this helps to maintain internal consistency and reproducibility. We suggest that basic observation be made throughout the defeat sessions to ensure that high-quality aggressive bouts occur. It is not necessary to qualitatively score defeat behavior. High-quality aggressive bouts are defined as repetitive antagonistic interactions (no less than 1 bout per minute; each lasting approximately 5-10 s) lasting throughout the 5-10 min defeat session. These interactions are not required to be continuous, but must occur periodically from start to finish. The clearest sign of an underachieving aggressor CD-1 is observation of grooming between the CD-1 and C57BL/6J. If grooming is observed, replace the CD-1 for subsequent defeats.
? trouBlesHootInG 10| Place control animals in pairs within an identical home cage setup, one control animal per side divided by a perforated Plexiglas divider, for the duration of the defeat sessions (see Experimental design for further details).  crItIcal step Rotate control C57BL/6J mice to a new cage on a daily basis, but never allow them physical contact with their cage mates.
11|
Immediately following the last defeat session, house all intruder C57BL/6J mice singly in standard mouse cages with ad libitum access to food and water. Carry out social interaction testing ~24 h later, or as required by experimental design.
social interaction testing • tIMInG 1 d 12| For social interaction testing, the CD-1 aggressor mouse should be completely novel to the defeated C57BL/6J mouse from
Step 11 (i.e., not used during the 10 defeats in Steps 8-9). Screen the target CD-1 mouse, as performed in Steps 1-3 and using criteria from Step 4 (for only one session rather than three), prior to use in testing to ensure that aggressive characteristics are present.
13|
Assemble social interaction open-field arenas and set up the video-tracking apparatus and software as described in EQUIPMENT SETUP.  crItIcal step All data will be collected in an automated manner by the video-tracking apparatus and software for all test phases. There is no human experimenter-recorded data acquisition. The software is set up to automatically record time in interaction zone, time in corner zone and total movement as indicated in EQUIPMENT SETUP.
14|
Habituate the C57BL/6J mice from Step 11 to the testing suite for ~1 h before testing.  crItIcal step Testing conditions always occur under red-light conditions in a room isolated from external sound sources.
15|
Each social interaction test is composed of two 150-s phases, separated by a duration of 30 s, either with or without the target CD-1 mouse present in the interaction zone. All data during these phases are automatically recorded as described in
Step 13. During the first phase, when the target CD-1 aggressor is absent, take the C57BL/6J mouse from its home cage and place it directly into the rear center of the open field opposite the empty wire-mesh enclosure, allowing for exploration of the open-field arena.
16|
Immediately after terminating phase 1, remove the C57BL/6J mouse from the arena and return the mouse to its home cage until phase 2. Also remove the 'no target' wire-mesh cage.
17|
In the 30-s break between phases, place the target CD-1 mouse within a 'target-only' designated wire-mesh enclosure and place this within the arena.
18| Again, remove the C57BL/6J mouse from its home cage and place it into the rear center of the open field opposite the wire-mesh enclosure as in Step 15.
19| At the end of this test session, remove both the target and intruder and clean the arena as described in the EQUIPMENT SETUP. After completing each test, verify that the software acquired time in the interaction zone, time in the corner zone and total movement before moving on to the next mouse.  crItIcal step The wire-mesh enclosure used in conjunction with the target should now only be used with the target for future tests to avoid any odor confounds that remain on the wire mesh.
20|
After completion of the social interaction test, both CD-1 and C57BL/6J mice are returned to their singly housed standard mice cages, and may be used for further behavioral or molecular analysis.
21|
After completing all test sessions for the cohort, data may be analyzed as explained in ANTICIPATED RESULTS.
? trouBlesHootInG Troubleshooting advice can be found in table 1.
• tIMInG 
antIcIpateD results
Behavioral results from social defeat stress are reported in two ways: (i) as a comparison of total time spent by the C57BL/6J mouse in the interaction zone during each social interaction test session when the target is absent or present, or (ii) as a ratio of these two times. The social interaction ratio (SI ratio) is obtained by dividing the time spent in the interaction zone when the target is present by the time spent in the interaction zone when the target is absent. Historically, a SI ratio equal to 1, in which equal time is spent in the presence versus absence of a social target, has been used as the threshold for dividing defeated mice into the susceptible and resilient categories 17, 21 . Control C57BL/6J mice show a strong tendency to spend greater than or equal amounts of time in the interaction zone in each session. Mice below this criterion are grouped as susceptible, whereas mice above are grouped as resilient. Across a large population of defeated mice, approximately 30-40% show a resilient phenotype. It is worth noting that other variables, such as time spent in the corner zone or total distance traveled, can also be recorded. (a) Repeated social defeat stress results in a spectrum of avoidance behavior, divided between susceptible and resilient phenotypes as a function of their social interaction (SI) ratio score. This is the ratio of time a mouse spends in the interaction zone in the presence of a target CD-1 compared with the absence of a target CD-1. (b,c) Susceptible mice spend significantly more time in the corner zone than in the interaction zone, whereas resilient mice spend comparable amounts of time in the interaction zone to control mice that have never undergone a defeat procedure. Both control and resilient mice spend significantly more time in the interaction zone when a target is present. (d,e) Social avoidance behavior can also be expressed as a social interaction ratio. In this panel, the same data are shown in both manners, for comparison. Error bars represent means ± s.e.m. *P < 0.05, multivariate ANOVA/ANOVA. All data shown were collected while conforming to governmental and institutional guidelines for care and use of laboratory animals.
When analyzing social interaction ratios, one-way analysis of variance (ANOVA) is appropriate for comparisons between control, resilient and susceptible groups. However, we also include analysis of the total time in the interaction zone when the target is absent or present for each session. For this analysis, a 2 × 3 ANOVA is used to compare the interaction zone times between target absent and target present in susceptible, resilient and control mice, followed by post hoc tests when the interaction is significant at P < 0.05.
The results described here and in Figure 3 are unpublished representative data collected and combined from three social defeat experiments (S.A.G. and S.J.R., unpublished data). As indicated in Figure 3a , 41 (37.6%) out of a total of 109 defeated mice failed to show social avoidance behavior as indicated by their social interaction ratio. A total of 68 mice (62.4%) showed significant social avoidance behavior (36.19 ± 2.48 s s.e.m.) in the presence of a target compared with control (70.94 ± 3.31 s s.e.m.) and resilient (72.86 ± 2.48 s s.e.m.) mice. Multivariate ANOVAs reveal a significant interaction between phenotype and time spent in the interaction zone, in which susceptible mice spend less time when the target is present than control and resilient mice (F (2,266) = 53.51, P < 0.05, Bonferroni post hoc P < 0.05, Fig. 3b) . One-way ANOVA reveals a main effect of phenotype on social interaction ratio, in which susceptible mice have lower SI ratios than control and resilient mice (F (2,161) = 75.61, P < 0.05 and Bonferroni post hoc P < 0.05, Fig. 3d) . Similar results are observed if corner zone times are assessed, with susceptible mice spending significantly more time in the corners (51.47 ± 3.33 s s.e.m.) compared with both control (19.86 ± 1.81 s s.e.m.) and resilient mice (21.43 ± 1.70 s s.e.m.). Multiple comparison ANOVAs reveal a significant interaction between phenotype and time spent in the corner zone, in which susceptible mice spend more time in the corner when the target is present compared with control and resilient mice (F (2,266) = 28.90, P < 0.05, Bonferroni post hoc P < 0.05, Fig. 3c ). One-way ANOVA reveals a main effect of phenotype on corner time ratio, in which susceptible mice have higher corner time ratios compared with control and resilient mice (F (2,161) = 32.21, P < 0.05 and Bonferroni post hoc P < 0.05, Fig. 3e ). The numbers presented here are highly indicative of a standard social defeat experiment.
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